Glyoxal 4-nitrophenylhydrazone: triple helices linked into a threedimensional channel structure Christopher Glidewell, a The molecules of compound (I) (Fig. 1 ) are almost planar, as shown by the leading torsion angles (Table 1 ). The side chain between atoms N1 and O1 adopts a planar all-trans conformation, and the nitro group is nearly coplanar with the aryl ring. The bond distances in the 4-nitrophenylhydrazone fragment provide no evidence for the occurrence of the type of quinonoid bond ®xation found in 4-nitroaniline (Tonogaki et al., 1993) , which is also typical of simple substituted 4-nitroanilines Ferguson et al., 2001; Glidewell et al., 2001 Glidewell et al., , 2002 Glidewell et al., , 2004 . There is strong bond ®xa-tion in the side chain, with very short N2ÐC11 and C12ÐO1 bonds, with no evidence for bond polarization in this fragment.
The supramolecular structure of (I) is three-dimensional and of considerable complexity, but it is constructed using only two hydrogen bonds, one each of the NÐHÁ Á ÁO and CÐ HÁ Á ÁO types (Table 2) . The hydrazine atom N1 in the molecule at (x, y, z) acts as hydrogen-bond donor to aldehyde atom O1 in the molecule at ( ) to that at (x, y, z À 3). In this way, a C(6) helical chain is formed running parallel to the [001] direction and generated by the 4 1 screw axis along ( 1 4 , 1 2 , z). One complete turn of this helix spans three unit cells along [001] , linking the molecule at (x, y, z) with those at (x, y, n + z) (n = positive or negative integer). Hence, completion of the structure requires three such helical chains, offset by unit translations along [001] . Thus, the effect of the NÐHÁ Á ÁO hydrogen bond is the generation of triply intertwined helices (Fig. 2) . There are no direction-speci®c interactions between the independent helices in each set of three helices.
The effect of the CÐHÁ Á ÁO hydrogen bond is to link the helices into a three-dimensional framework. Aldehyde atom C12 in the molecule at (x, y, z) acts as hydrogen-bond donor to nitro atom O41 in the molecule at (1 À x, 1 À y, 2 À z), so generating a centrosymmetric R 4 , 1, Àz), all of which are of opposite hand to the reference helix. In this way, the helices are linked into a three-dimensional framework (Fig. 4) , more strictly described as three interwoven frameworks.
Within the framework there are channels running parallel to the [001] direction and accounting in total for 340.1 A Ê 3 per unit cell, i.e. some 9.4% of the total volume. This volume is, in fact, partitioned between two types of channel, with four of each type per cell. The larger channels lie along the 4 axes, with an average cross-sectional area of ca 15.0 A Ê 2 and an average diameter of ca 4.4 A Ê , while the smaller channels lie along the 4 1 and 4 3 axes and have an average cross-sectional area of ca 8.2 A Ê 2 and an average diameter of ca 3.2 A Ê . There is evidence for a very low population of water molecules, possibly disordered and/or mobile, within the larger channels, but no tractable re®nement of these guest molecules proved possible. It is not clear whether this residual water is a byproduct of the preparation or whether it had been absorbed from the atmosphere after crystallization.
The larger channels in (I) are thus of very similar diameter to those found in piperazine±4,4
H -sulfonyldiphenol (1/2) (Coupar et al., 1996) , where the channels of diameter 4.3 A Ê are entirely unoccupied. In the channel structures formed by N,N Hdithiobisphthalimide Farrell et al., 2002; Bowes, Ferguson, Glidewell, Lough et al., 2002; Bowes, Ferguson, Glidewell, Low & Quesada, 2002) , the channels are a little larger, with average cross-sectional areas of ca 20.4 A Ê 2 and average diameters of ca 5.1 A Ê . The channels in N,N Hdithiobisphthalimide are always occupied by guest molecules, but the behaviour of the guest can vary from full ordering, as for p-xylene, to intractable disorder of probably mobile molecules for guests such as dichloromethane or tetrahydrofuran.
Experimental
Compound (I) was prepared by heating under re¯ux for 1 h a solution of glyoxal (1 mmol as a 40% aqueous solution) and 4-nitrophenylhydrazine (1 mmol) in methanol (40 ml). The mixture was cooled to ambient temperature and the solvent removed under reduced pressure. The residue was crystallized from ethanol to yield crystals of (I) suitable for single-crystal X-ray diffraction. IR (KBr disk, , cm À1 ): 3263±2850, 1698 (sh), 1686, 1677 (sh), 1538, 1504, 1331, 1272, 1131, 894, 839, 748, 690, 609, 489, 447 . Figure 3 Part of the crystal structure of (I), showing the formation of a centrosymmetric R 2 2 (22) ring. For the sake of clarity, H atoms not involved in the motif shown have been omitted, as has the unit-cell outline. Atoms marked with an asterisk (*) are at the symmetry position (1 À x, 1 À y, 2 À z).
Crystal data
Crystals of compound (I) are tetragonal. The unit cell has a markedly tabular shape, with an axial c/a ratio of only 0.116. The space group I4 1 /a was uniquely assigned from the systematic absences, and the origin was set to lie at an inversion centre. All H atoms were located from difference maps and then treated as riding atoms, with CÐH distances of 0.95 A Ê and NÐH distances of 0.88 A Ê , and with U iso (H) = 1.2U eq (C,N). Examination of the re®ned structure using PLATON (Spek, 2003) revealed the presence of void spaces having a total volume of 340.1 A Ê 3 per unit cell, arranged into a series of channels running parallel to the [001] direction. There was a low residual electron density of 0.9 e A Ê À3 located on a 4 axis within the larger of the channels, which is most plausibly ascribed to a partial water molecule. When this density was assigned to an O atom and its site occupancy re®ned, with U iso (O) ®xed at 0.03 A Ê 2 , the occupancy re®ned to 0.0288 (15), corresponding in total to 0.115 of an O atom. In view of this, the SQUEEZE option in PLATON was applied, and the ®nal re®nement utilized data so treated. The ®nal F o /F c CIF was produced with the CALC FCF option in PLATON, reporting both the original observed structure factors and calculated structure factors including the disordered solvent contribution.
Data collection: COLLECT (Hooft, 1999) ; cell re®nement: DENZO (Otwinowski & Minor, 1997) and COLLECT; data reduction: DENZO and COLLECT; program(s) used to solve structure: OSCAIL (McArdle, 2003) and SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: OSCAIL and SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 2003) ; software used to prepare material for publication: SHELXL97 and PRPKAPPA (Ferguson, 1999) .
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